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® Hot tip device with optical diagnostic capability. 

® A hot tip device, typically used for melting and 
plowing through stenotic deposits in a coronary ar- 
tery, Is provided with optical diagnostic capabilities. 
The device Includes an elongated, flexible member 
(10), a filter glass heating element (12) attached to 
the distal end of the flexible member and an optical 
fiber (14) extending through the flexible member (10) 
and optically coupled to the heating element (12). 
The filter glass heating element (12) absorbs a first 




range of wavelengths for heating and passes a sec- 
ond range of wavelengths for irradiating the artery 
through the filter glass heating element. In a pre- 
ferred embodiment, the flexible member is a steera- 
ble guidewire. and the filter glass heating element Is 
heated by Infrared radiation. Ultraviolet or visible 
radiation is used to stimulate fluorescence from de- 
posits in the artery. 
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HOT TIP DEVICE WITH OPTICAL DIAGNOSTIC CAPABILITY 



Field of the Invention 

This invention relates to a hot tip device that is 
used in transluminal coronary angioplasty and, 
nnore particularly, to a hot tip device having a 
heating element fabricated of optical filter glass to 
permit laser heating of the element at one 
wavelength and laser Irradiation through the ele- 
ment at other wavelengths for diagnostic purposes. 



Background of the Invention 

Transluminal coronary angioplasty involves the 
nonsurgical widening of a passage through an ar- 
tery that has been narrowed or stenosed by depos- 
its of plaque or plaque-ridden tissue. One approach 
to coronary angioplasty involves the use of a "hot 
tip" device which includes a heating element at the 
distal end of a catheter. The heating element is 
heated to a temperature of several hundred de - 
ataos-C entlgrade and Is moved through a blocked 
artery to soften and plow through the stenotic ma- 
terial. Due to the high temperatures involved, the 
hot tip device Is kept moving through the artery 
when It is energized to avoid overheating and burn- 
ing of tissue. 

The heating element in prior art hot tip devices 
has been metal, and electrical, catalytic and laser 
heating of the element are known. In the laser- 
energized hot tip. an optical fiber extends through 
the catheter and tenminates In the heating element. 
Laser-energized hot tip devices are disclosed in 
German Patent No. 2.826,383 published December 
20, 1979, U.S. Patent No. 4.648,737 issued March 
3. 1987 to Hussein et al. U.S. Patent No. 4.662.368 
issued May 5. 1987 to Hussein et al and U.S. 
Patent No. 4,773.413 issued September 27. 1988 
to Hussein et al. In the disclosed devices, laser 
energy carried through the optical fiber raises the 
temperature of the heating element. Patent Nos. 
4.662.368 and 4.773.413 disclose a lens or window 
positioned in a cavity in the metal heating element. 
The window Is made of an optically transparent 
material, such as quartz or sapphire. A portion of 
the laser energy incident on the window heats the 
surrounding metal, and a portion of the laser en- 
ergy passes through the window to assist in heat- 
ing and vaporizing the plaque. 

Techniques have been proposed for distin- 
guishing between plaque and normal tissue by 
stimulating fluorescence from tissue in an artery 
and analyzing the characteristics of the fluores- 
cence. U.S. Patent No. 4.785,806 Issued November 
22, 1988 to Deckelbaum discloses the use of ul- 



traviolet laser energy for stimulating fluorescence. 
Fluorescence intensity at selected waves in the 
blue-green wavelength range is analyzed to distin- 
guish between plaque and normal tissue. The use 

5 of a dye to enhance the contrast between the 
fluorescence from plaque and the fluorescence 
from normal tissue is disclosed in U.S. Patent No. 
4,641.650 Issued February 10. 1987 to Mok. The 
use of visible light to stimulate fluorescence from 

70 artherosclerotic plaque is disclosed in U.S. Patent 
No. 4,718.417 issued January 12. 1988 to Kittrell et 
al. 

The ability to distinguish between plaque and 
normal tissue enables the surgeon to better control 

75 the angioplasty procedure. It is desirable to provide 
such diagnostic capability in hot tip devices. In the 
past, the heating element usually blocked the distal 
end of the optical fiber in hot tip devices, and 
optical diagnostic procedures have not been fea- 

20 sible. 

Because of the requirement for accessing 
blood vessels of very small diameter, it has be- 
come commonplace in transluminal coronary an- 
gioplasty to use guidewires for controlling the 

25 placement of catheters. Catheters of sufficiently 
small diameter to be used in a small blood vessel 
typically lack the torsional rigidity to be adequately 
controlled as they are advanced through the vascu- 
lar system to the obstructed site. Guidewires have 

30 an extremely small diameter, flexibility and suffi- 
cient torsional rigidity to be advanced to very small 
diameter blood vessels. The catheter is then ad- 
vanced over the guidewire to the obstructed site. A 
steerable guidewire suitable for use in a balloon 

35 dilatation procedure is disclosed in U.S. Patent No. 
4.545.390 issued October 8. 1985 to Leary and 
assigned to assignee of the present application. 

It is a general object of the present invention to 
provide an improved hot tip device for coronary 

40 angioplasty. 

It is another object of the present invention to 
provide a hot tip device having optical diagnostic 
capability. 

It is a further object of the present invention to 
45 provide Improved methods for coronary angioplas- 
ty. 

It is yet another object of the present invention 
to provide a hot tip device wherein optical diagnos- 
tic procedures can be perfomned through the heat- 
so Ing element. 

It is still another object of the present invention 
to provide a hot tip device having a filter glass 
heating element which absorbs a first range of 
waves and passes a second range of waves. 
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Summary of the Invention 

According to the present invention, these and 
other objects and advantages are achieved in a 
medical device for applying heat to a selected site 
in a lumen. The device comprises an elongated, 
flexible member having a proximal end and a distal 
end. a heating element attached to the distal end of 
the flexible member and optical fiber means ex- 
tending through the flexible member. The heating 
element comprises optical filter means for absorb- 
ing a first range of waves and for passing a second 
range of waves. The optical fiber means has a 
distal end optically coupled to the heating element 
and has a proximal end adapted for receiving laser 
energy in the first range of wavelengths for heating 
the optical filter means and adapted for receiving 
laser energy in the second range of waves for 
Irradiating the lumen through the optical filter 
means. 

In a prefenred embodiment, the flexible mem- 
ber is a steerable guidewire including an elongated 
shaft having a distal end and a proximal end. and a 
tip attached to the distal end of the shaft. The shaft 
is sufficiently torsionally rigid along its length for 
controllably transmitting to the distal end substan- 
tially all of the rotation applied to the proximal end. 
The tip is adapted to be bent to a desired curve 
and is sufficiently flexible so as to adapt to and 
follow the contours of a blood vessel. The tip 
typically comprises a helically wound spring, and 
the shaft comprises a flexible tube having a lumen 
therethrough and a core wire extending through the 
lumen in the tube. The optical fiber means is 
preferably an optical fiber located between the 
flexible tube and the core wire. 

The optical filter means preferably comprises a 
smoothly curved body of filter glass located at the 
distal end of the helically-wound spring and affixed 
to the optical fiber. Preferably, tiie first range of 
wavelengths used to energize the heating element 
is in the near infrared band at or above about 800 
nanometers. The second range of wavelengths is 
preferably in the ultraviolet or blue-green range of 
waves and Is used to stimulate fluorescence from 
tissue In the selected site of the lumen. The out- 
side diameter of the shaft, the tip and the heating 
element preferably does not exceed about 0.020- 
Inch. 

According to another aspect of the present 
invention, there is provided a method for applying 
heat and laser radiation to a selected site in a body 
lumen. The method comprises the steps of advan- 
cing an elongated, flexible member through the 
lumen to the selected site, the flexible member 
having an optical fiber that extends therethrough 
and is terminated In an optical filter glass heating 
element, the filter glass heating element having an 



optical characteristic selected to absorb a first 
range of wavelengths and to pass a second range 
of waves, directing laser radiation In the first 
wavelength range through the optical fiber for en- 

6 ergizlng the filter glass heating element in a heat- 
ing mode, and directing laser radiation in the sec- 
ond wavelength range through the optical fiber so 
that the laser energy in the second wavelength 
range passes through the filter glass heating ele- 

10 ment and in^adiates the selected site in a diagnostic 
mode. 



Brief Description of the Drawings 

75 

For a better understanding of the present in- 
vention together with other and further objects, 
advantages and capabilities thereof, reference is 
made to the accompanying drawings which are 
20 incorporated herein by reference and in which: 

FIG. 1 illustrates a hot tip device in accor- 
dance with the present invention; 

FIG. 2 is an enlarged cross-sectional view of 
the distal end of the hot tip device of FIG. 1; 
25 FIG. 3 is a plot of the transmission char- 

acteristic of the filter glass heating element; and 

FIG. 4 is a block diagram of a system for 
utilizing the hot tip device of the present Invention. 

30 

Detailed Description of the Invention 

A hot tip device in accordance with the present 
invention is shown in FIGS. 1 and 2. The device 

35 generally includes an elongated, fiexibte member 
10 having a sufficlentiy small diameter and suffi- 
cient flexibility to be advanced through a blood 
vessel to the coronary region. An optica! filter heat- 
ing element 12 is affixed to the distal end of 

40 flexible member 10. An optical tiber 14 extends 
through fiexibte member 10 and is optically coup- 
led to heating element 12. 

The filter glass heating element 12 has an 
optical transmission characteristic which absorbs a 

4S high percentage of optical energy In a first 
wavelength range and which passes a high per- 
centage of optical energy in a second wavelength 
range. Thus, optical energy in the first wavelength 
range can be used to heat element 12. while op- 

50 tical energy In the second wavelength range 
passes tiirough the tilter glass heating element 12 
and irradiates the adjacent portion of the blood 
vessel or stenotic deposits in the blood vessel. 
Element 12 is heated In order to melt and plow 

55 through plaque deposits. 

Optical energy that passes through heating ele- 
ment 12 is preferably utilized to stimulate fluores- 
cence from the tissue of the blood vessel. The 
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fluorescence can be analyzed to distinguish be- 
tween artherosclerotic tissue and normal tissue as 
described hereinafter. 

Although the diagnostic feature of the hot tip 
device of the present invention Is preferably used 
for sensing fluorescence from plaque or normal 
tissue, the laser energy that passes through the 
filter glass heating element can be used for any 
desired purpose, including viewing, illumination, 
heating, vaporization or thermography. By provid- 
ing diagnostic capabilities, the reliability and control 
of the hot tip angioplasty procedure is improved. 

In the embodiment of FIGS. 1 and 2, the flexi- 
ble member 10 is a steerable guidewire that can be 
controllably advanced through an artery to the 
coronary region. The guidewire includes a shaft 20 
having a proximal end 20a and a distal end 20b, 
and a tip 22 attached to the distal end of shaft 20. 
Shaft 20 includes an elongated, flexible tube 24, 
typically stainless steel, having a lumen thereth- 
rough. A core wire 26 extends through the lumen in 
tube 24. The shaft 20 is sufficiently torsionally rigid 
along its length for controllably transmitting to the 
distal end substantially all of the rotation applied to 
the proximal end. 

The tip 22 includes a helically-wound spring 28 
attached to the distal end of flexible tube 24 and 
preferably having the same outside diameter as 
flexible tube 24. Core wire 26 includes a tapered 
tip portion which extends from flexible tube 24 
through at least a portion of spring 28. The tip 22 is 
sufficiently flexible so as to adapt to and follow the 
contours of a blood vessel. The diameter of the 
steerable guidewire preferably does not exceed 
about 0.020-inch. Further details regarding the con- 
struction of a steerable guidewire are provided In 
the aforementioned Patent No. 4.545.390. which is 
hereby incorporated by reference. 

The filter glass heating element 12 is located at 
the distal end of spring 28 and is typically smooth- 
ly curved or rounded to reduce the possibility of 
perforating the wall of a blood vessel. The heating 
element 12 can be the same outside diameter as 
the remainder of flexible member 10 or can be 
larger In diameter than flexible member 10. Prefer- 
ably, the filter glass heating element 12 is bonded 
directly to the distal end of optical fiber 14 by 
heating these elements and thereby creating a 
glass-to-glass connection. In the embodiment of 
FIGS. 1 and 2. the core wire 26 extends into and is 
mechanically coupled to heating element 12 to 
assist in retaining heating element 12 in position. 
Alternatively, core wire 26 can be terminated proxl- 
mally of heating element 12. 

The optical characteristics of filter glass heat- 
ing element 12 are selected to absorb a first 
wavelength or range of waves to cause heating of 
the filter glass and to pass a second wavelength or 



range of wavelengths for diagnostic purposes. It 
will be understood that the first and second 
wavelength ranges can be selected for a particular 
application. Generally, wavelengths in the infrared 
5 band produce efficient heating of element 12. while 
wavelengths in the ultraviolet and blue-green bands 
are desired for analysis of fluorescence from 
plaque deposits. Filter glass having a variety of 
different transmission characteristics can readily be 

10 obtained. The optical path from the distal end of 
optical fiber 15 through filter glass heating element 
12 can range from a few micrometers to a few 
millimeters depending on the amount of attenuation 
that is acceptable in the pass bands 

75 In a preferred embodiment, the flexible tube 24 
is a stainless steel hypotube having an outside 
diameter of 0,018-Inch and an inside diameter of 
about 0.010-inch. The core wire 26 is stainless 
steel and has an outside diameter of 0.007-inch. 

20 The optical fiber 14 is a single mode optica! fiber 
having an outside diameter of 150 micrometers, a 
core diameter of 100 micrometers, and a cladding 
diameter of 125 micrometers. The spring 28 is 
fabricated from 0.002-inch diameter platinum wire. 

25 with the spring coils preferably having the same 
outside diameter as flexible tube 24. In the present 
example, the filter glass heating element 12 Is a 
type BG 39 available from Schott Fiber Optic of 
Duryea, Pennsylvania, The specified filter glass has 

30 a transmission bandwidth between about 325 and 
610 nanometers. A typical transmission characteris- 
tic for filter glass heating element 12 is shown in 
FIG. 3 as curve 36. which shows relative transmis- 
sion as a function of wavelength in nanometers. 

35 In a preferred embodiment, the heating ele- 
ment 12 is heated by laser radiation at about 800 
nanometers from a diode laser. A laser power level 
of about one watt is sufficient to heat element 12. A 
diode laser provides the advantages of small size. 

40 high reliability and low cost. Alternatively, other 
types of laser can be used to energize heating 
element 12. 

The hot tip device of the present Invention has 
been described in connection with a steerable 

45 guidewire. It will be understood that the filter glass 
heating element can be utilized at the distal end of 
a catheter as well as a steerable guidewire. Various 
techniques for mounting a heating element at the 
distal end of a catheter are disclosed in the afore- 

50 mentioned U.S. Patent No. 4,773.413. which is 
hereby incorporated by reference. As Indicated 
above, the primary requirements of the invention 
are to provide a filter glass heating element at the 
distal end of an elongated, flexible member 10 and 

55 to transmit optical energy through an optical fiber 
to the heating element. 

A block diagram of a system for operation of 
the hot tip device of the present invention is shown 
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In FIG. 4. Optical energy is coupled to and from 
the optical fiber In the hot tip device through a lens 
40. Laser energy from an infrared laser 42 is di- 
rected through a beam splitter 44 to lens 40. The 
Infrared laser 42 can be a diode laser having an 
output at 800 nanometers. The beam splitter 44 
Includes an optical filter which transmits infrared 
radiation and reflects visible and ultraviolet radi- 
ation. The infrared laser 42 is energized during a 
heating mode to heat element 12. During the heat- 
ing mode. the. hot tip device is moved through the 
blood vessel to melt and plow through stenotic 
deposits. 

A diagnostic laser 46 has an output directed 
through a beam splitter 48 to beam splitter 44. 
Diagnostic laser 46 typically has an output In the 
ultraviolet or blue-green range of wavelengths. An 
argon laser can be used to provide laser radiation 
in the blue green range of wavelengths, while an 
exclmer laser can be used to provide laser radi- 
ation in the ultraviolet range of wavelengths. In the 
present example, laser 48 produces ultraviolet radi- 
ation and the beam splitter 48 includes an optical 
filter which transmits ultraviolet wavelengths and 
reflects visible wavelengths. The output of the di- 
agnostic laser 46 passes through beam splitter 48 
and is reflected by beam splitter 44 into the hot tip 
device. The ultraviolet radiation passes through the 
optical fiber and through heating element 12 to 
irradiate a portion of the blood vessel distally of the 
heating element 12. 

When stimulated by ultraviolet radiation, the 
tissue emits fluorescence in the visible range which 
passes through heating element 12 and through the 
optical fiber to the proximal end of the hot tip 
device. The fluorescence from the tissue is re- 
flected by beam splitters 44 and 48 to a spectrum 
analysis unit 50. The spectrum of the fluorescence 
is analyzed to distinguish between normal and ar- 
therosclerotic tissue as described in the aforemen- 
tioned patent number 4,785,806, which is hereby 
Incorporated by references. In particular, the flu- 
orescence Intensity at waves of 448, 514 and 538 
nanometers can be analyzed to distinguish be- 
tween plaque and nonnnal tissue. The diagnostic 
laser 46 and the spectaim analysis unit 50 are 
utilized In a diagnostic mode. It will be understood 
that different diagnostic laser waves can be utilized, 
depending on the diagnostic procedure. 

While there have been shown and described 
what are present considered the preferred embodi- 
ments of the invention, it will be obvious to those 
skilled in the art that various changes and modifica- 
tions may be made therein without departing from 
the scope of the invention as defined by the ap- 
pended claims. 



Claims 

1. A medical device for applying heat to a 
selected site in a lumen, comprising: 

5 an elongated, flexible member having a proximal 
end and a distal end; 

a heating element attached to the distal end of said 
flexible member, said heating element comprising 
optical filter means for absorbing a first range of 
10 wavelengths and for passing a second range of 
wavelengths: and 

optical fiber means extending through said flexible 
member, said optical fiber means having a distal 
end optically coupled to said heating element and 

75 having a proximal end adapted for receiving laser 
energy in said first range of wavelengths for heat- 
ing said optical filter means and adapted for receiv- 
ing laser energy in said second range of 
wavelengths for irradiating said lumen through said 

20 optical filter means. 

2. A medical device as defined in claim 1 
wherein said flexible member comprises 

an elongated shaft having a distal end and a proxi- 
mal end, said shaft being sufficiently torsionally 

26 rigid along its length for controllably transmitting to 
the distal end substantially all of the rotation ap- 
plied to the proximal end, and 
a tip attached to the distal end of said shaft, said 
tip being sufficiently flexible so as to adapt to and 

30 follow the contours of a blood vessel. 

3. A medical device as defined in claim 2 
wherein said tip comprises a helically-wound 
spring. 

4. A medical device as defined in claim 3 
35 wherein said shaft comprises a flexible tube having 

a lumen therethrough and a core wire extending 
through the lumen in said tube. 

5. A medical device as defined in claim 4 
wherein said tip further includes a tapered distal 

40 region of said core wire extending beyond the 
distal end of said tube and passing through at least 
a portion of said helically-wound spring. 

6. A medical device as defined in claim 5 
wherein said optical fiber means comprises an op- 

45 tical fiber passing through said shaft between said 
core wire and said tube. 

7. A medical device as defined in claim 6 
wherein said optical fiber passes through said tip 
between the tapered distal region of said core wire 

50 and said helically-wound spring. 

8. A medical device as defined in claim 6 
wherein said optical fiber means comprises a 
smoothly curved body of filter glass located at the 
distal end of said helically-wound spring and af- 

55 fixed to said optical fiber. 

9. A medical device as defined in claim 2 
wherein said shaft, said tip and said heating ele- 
ment have a diameter that does not exceed about 
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0.020-inch. 

10. A medical device as defined in ciaim 1 
wherein said optical fitter means comprises a body 
of filter glass affixed to the distal end of said 
elongated flexible member. 

11. A medical device as defined in claim 10 
wherein said first range of wavelengths Is in the 
near infrared band and said second range of waves 
is in the ultraviolet and blue-green bands. 

12. A medical device as defined In claim 10 
wherein said filter glass is selected to absorb laser 
radiation at about 800 nanometers and to pass 
laser radiation in a range of about 325 to 610 
nanometers. 

13. A medical device for applying heat and 
laser radiation to a selected site in a lumen, com- 
prising: 

an elongated, flexible member having a proximal 
end and a distal end; 

an optical filter glass element attached to the distal 
end of said flexible member for absorbing a first 
range of wavelengths and for passing a second 
range of wavelengths; 

optical fiber means extending through said flexible 
member, said optical fiber means having a distal 
end optically coupled to said filter glass element: 
means for coupling laser radiation In said first 
range of wavelengths through said optical fiber 
means for heating said filter glass element in a 
heating mode; and 

means for coupling laser radiation in said second 
range of wavelengths through said optical fiber 
means for Irradiating said fumen through said filter 
glass element in a diagnostic mode. 

14. A medical device as defined In claim 13 
wherein said flexible member comprises 

an elongated shaft having a distal end and a proxi- 
mal end, said shaft being sufficiently torsionally 
rigid along its length for controllably transmitting to 
the distal end substantially all of the rotation ap- 
plied to the proximal end, and a tip attached to the 
distal end of said shaft, said tip being sufficiently 
flexible so as to adapt to and follow the contours of 
a blood vessel. 

15. A medical device as defined in claim 14 
wherein said tip comprises a helically-wound 
spring. 

16. A medical devices as defined in claim 15 
wherein said shaft comprises a flexible tube having 
a lumen therethrough and a core wire extending 
through the lumen in said tube. 

17. A medical device as defined in claim 16 
wherein said tip further includes a tapered distal 
region of said core wire extending beyond the 
distal end of said tube and passing through at least 
a portion of said helically-wound spring. 

18. A medical device as defined in claim 17 
wherein said optical fiber means comprises an op- 



tical fiber passing through said shaft between said 
core wire and said tube. 

19 . A medical device as defined in claim 18 
wherein said optical fiber passes through said tip 
5 between the tapered distal region of said core wire 
and said helically-wound spring. 

20. A medical device as defined in claim 18 
wherein said optical fiber means comprises a 
smoothly curved body of filter glass located at the 

70 distal end of said helically-wound spring and af- 
fixed to said optical fiber. 

21. A medical device as defined in claim 14 
wherein said shaft, said tip and said heating ele- 
ment have a diameter that does not exceed about 

/5 0.020-inch. 

22. A medical device as defined in claim 13 
wherein said optical filter means comprises a body 
of filter glass affixed to the distai end of said 
elongated flexible member. 

20 23. A medical device as defined in claim 22 
wherein said first range of wavelengths is in the 
near infrared band and said second range of 
wavelengths Is in the ultraviolet and blue-green 
bands. 

25 24. A medical device as defined in ciaim 22 
wherein said filter glass is selected to absorb laser 
radiation at about 800 nanometers and to pass 
laser radiation in a range of about 325 to 610 
nanometers. 

30 25. A method for applying heat and laser radi- 
ation to a selected site In a body lumen, compris- 
ing the steps of: 

advancing an elongated, flexible member through 
the lumen to the selected site, said flexible mem- 

35 ber having an optical fiber that extends thereth- 
rough and is terminated in an optical filter glass 
heating element, said filter glass heating element 
having an optical characteristic selected to absorb 
a first range of wavelengths and to pass a second 

40 range of wavelengths; 

directing laser radiation in said first wavelength 
range through said optical fiber for heating of said 
heating element In a heating mode; and 
directing laser radiation in said second wavelength 

45 range through said optical fiber so that the laser 
energy in said second wavelength range passes 
through said filter glass heating element and irradi- 
ates the selected site in a diagnostic mode. 

26. A method for applying heat and laser radi- 
50 ation as defined in claim 25 where in the step of 

advancing an elongated, flexible member through 
the lumen includes advancing the flexible member 
through a blood vessel to a stenosed site. 

27. A method for applying heat and laser radi- 
55 atlon as defined in claim 26 where In the step of 

directing laser radiation in said second wavelength 
range includes directing ultraviolet radiation 
through said optical fiber and said filter glass heat- 
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ing element to cause fluorescence by the stenosed 
site. 
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